INTRODUCTION
Lymphoma is a malignant neoplasm characterized by lymphoid cell proliferation. The most common presentation of lymphoma is multicentric, which usually involves peripheral lymph nodes and possibly liver, spleen, bone marrow and extranodal sites (Vail et al. 2013) .
There are several studies addressing multicentric lymphoma in dogs, yet studies regarding primary splenic lymphoma remain scarce. The most widely used histological classification system for canine lymphoma is the World Health Organization (WHO) classification (Vezzali et al. 2009 , Valli et al. 2011 . Recent uses of this system with primary splenic lymphoma have demonstrated that the most common histological type is marginal zone B-cell lymphoma, which shows indolent progression and better prognosis compared to the most common multicentric type, the diffuse large B-cell lymphoma (O'Brien et al. 2013 , Van Stee et al. 2015 . Marginal zone lymphoma in the spleen has low mitotic rate and slow progression, which represents a challenge for pathologists to reach a diagnosis, due to its similarity with benign marginal zone hyperplasia. This warrants immunohistochemistry or other molecular techniques for correct diagnosis (O'Brien et al. 2013) .
The aim of this study was to assess 33 cases of primary lymphoma of the spleen diagnosed through histopathology and immunohistochemistry according to the WHO classification in dogs, seeing that information regarding the epidemiology of this disease in Brazil is scarce.
MATERIALS AND METHODS
The research was performed through assessment of the database at VETPAT in Campinas, São Paulo State, Brazil. Samples from the eight regions of the country diagnosed as splenic lymphoma were classified according to the WHO histological and immunohistochemical classification from January 2012 to December 2016.
This study included only splenic lymphoma, and samples diagnosed as other forms of neoplasm such as multicentric, cutaneous, mediastinal, alimentary or extranodal lymphoma were excluded from further analyses. Data regarding patient identification, breed, gender and age were charted for analysis.
Immunohistochemistry (IHC) analysis for immunophenotyping of splenic lymphomas followed pre-stablished protocols, as follows. Immunohistochemical reactions were performed on paraffin-embedded samples sectioned at 4µm and positively charged for immunohistochemical reactions. A biotin-free detection reagent (REVEAL) was used for immunohistochemical analysis. Tissue sections were deparaffinized, rehydrated and incubated for 20 minutes in a 5% solution of hydrogen peroxide in absolute methanol (Synth) for endogenous peroxidase activity blocking. Heat-induced antigen retrieval was performed using a sodium citrate buffer of pH 6.0 in a pressure cooker. Sections were then washed three times in phosphate-buffered saline (PBS) at 0.01M (pH 7.2) for 5 minutes and nonspecific sites were blocked with a blocking buffer for nonspecific reactions (Reveal Spring kit reagent -Cod SPD-125). Slides were incubated overnight with anti-CD3, anti-CD79a and MUM-1 antibodies, as shown in Table 1 .
If positive for CD79a and negative for CD3, lymphomas were deemed B-cell in origin and T-cell if positive for CD3 and negative for CD79a. Samples that were negative for MUM-1 were regarded as lymphomas and samples that were positive for MUM-1 were regarded as plasma cell tumor.
RESULTS
Thirty-three cases of primary splenic lymphoma were found in the study. Mean age of patients was 9.8 (5-16) years. Main breeds found were mongrels (11/33), Pit Bulls (3/33), Yorshire Terriers (3/33), Golden Retrievers (2/33), Labradors (2/33), Poodles (2/33), Shih Tzus (2/33), Lhasa Apso (1/33), Rottweiller (1/33), Bernese Mountain Dog (1/33), Pug (1/33), Fox Terrier (1/33), Cane Corso (1/33) and unspecified (1/33). With regard to gender, 18 were males, 14 females and one unspecified.
Immunophenotyping showed that 87.9% of splenic lymphomas were positive for CD79a (B-cell) and 12.1% for CD3 (T-cell). All cases were negative for MUM-1. According the WHO classification system, the most frequent histological type was marginal zone B-cell lymphoma, which accounted for 20 of the 33 cases (60.7%) (Fig.1) , followed by diffuse large B-cell lymphoma (4/33, 12.1%) and lymphoblastic T-cell lymphoma (4/33, 12.1%) (Table2). One case (3%) of follicular lymphoma was found among the cases, which summed up to 63.7% of indolent splenic lymphomas in this study according to the WHO classification.
DISCUSSION
Lymphoma is a generic term to describe various diseases of unusual origin, which is lymphoid tissue. However, there are variations as to treatment and prognosis according to anatomic location, histological type and immunophenotype (Rebhun et al. 2011 , Valli et al. 2013 , Goodman et al. 2016 . Information regarding treatment and prognosis of lymphoma in dogs is based on studies of various forms of presentation and distinct histological types, which results in heterogeneous groups and therefore difficulties when establishing individualized criteria (Chun 2009 , Rebhun et al. 2011 , Vail et al. 2013 , Goodman et al. 2016 ). The study of histopathological characterization of splenic lymphoma in Brazil is somewhat important since current literature is scarce. One study showed low incidence of lymphoma (2.2%) in 179 cases of splenic diseases (Bandinelli et al. 2011) .
Performing a morphological analysis along with immunohistochemistry is crucial to a more accurate classification of the disease and for differentiation of indolent and reaction hyperplasia that can affect the spleen. Although there are several classification systems for canine lymphoma, the WHO classification remains the most commonly used, because it correlates cytomorphological, immunophenotypical and clinical criteria, aside from its agreement among pathologists worldwide (Vezzali et al. 2010 , Valli et al 2013 . Anti-CD3 and anti-CD79a antibodies are used for immunophenotyping and described widely due to their high sensitivity and specificity (Valli et al. 2013 ). The main differential diagnosis for splenic lymphoma during histopathology is plasma cell tumor. One option to aid this distinction is the use of MUM-1, seeing that 93.5% of extramedullary plasmacytomas are positive for MUM-1, which most lymphomas are negative for (Ramos-Vara et al. 2007) . In this study, all cases of splenic lymphomas were negative for MUM-1.
Indolent splenic lymphomas were more prevalent (63.7%) in this study, of which 60.7% of the cases were diagnosed as marginal zone B-cell lymphoma. These data corroborate the few studies from other countries, where the incidence of indolent lymphomas in the spleen was higher compared to high grade lymphomas (Van Stee et al. 2015) . A study of 28 cases of primary splenic lymphoma showed 71.4% of indolent tumors and marginal zone B-cell lymphoma was also the most prevalent (39.3% of cases), followed by mantle cell lymphoma (32.1%) (Van Stee et al. 2015) . Interestingly, although mantle cell lymphoma was the second most common in that study, no case of this type was seen in the present study.
The marginal zone B-cell lymphoma is characterized by small to medium size lymphocytes positive for CD79a, with low mitotic rate and slow progression, which are originated at the marginal zone of the lymphoid follicle. Since there are only a few reports in the current literature, the incidence of this tumor is unknown (Valli et al. 2006 , Flood-Knapik et al. 2013 . Valli et al. (2006) reported 66 cases of indolent lymphomas, of which 46 were marginal zone. However, 33 cases were extranodal and only 13 were splenic.
Despite the lack of information regarding the distribution of lymphoma lesions in this study, most of the cases reported by Valli et al. (2006) were characterized as solitary masses found occasionally during ultrasound exams. Other authors also report higher incidence of solitary masses over diffuse presentation or multiple nodes (O'Brien et al. 2013 .
No predisposition was found in this study with regard to breed or gender for canine splenic lymphoma, which corroborates previous studies (O 'Brien et al. 2013) . Most patients were middle-aged to elder, which agrees with most studies of oncology where mean age is usually found to be >7 years , Flood-Knapik et al. 2013 , O'Brien et al. 2013 .
The distinction between indolent and high-grade lymphomas, such as lymphoblastic T-cell lymphoma (12.1% of the cases) is important, since the prognosis is quite different and they require individualized treatment (Van Stee et al. 2015) . One study showed that 1-year survival time for marginal zone lymphoma represents 63.6% of the cases, whereas high-grade T-cell lymphomas are associated with shorter survival (Van Stee et al. 2015) . Another study of 29 cases undergoing splenectomy reported mean survival time of 383 days, and patients that were asymptomatic at the time of surgery showed survival time of 1153 days, which corroborates other studies reporting better prognosis with marginal zone lymphomas (O'Brien et al. 2013) . Aside from the exact characterization of histological type, other features are important for choosing treatment, such as differing between localized forms or tumors that involve other organs and the associated clinical signs. These features can influence the prognosis of splenic lymphoma , O'Brien et al. 2013 . While this was a retrospective study that assessed the incidence of splenic lymphoid neoplasms rather than prognosis, nevertheless the results on prevalence of indolent forms are important to enhance the need for an exact characterization of histological type to aid choice of treatment and prognosis of these cases.
CONCLUSIONS
Indolent lymphoma represented by marginal zone B-cell lymphoma is the most frequent histological type of splenic lymphomas according to the WHO classification system in dogs.
The exact characterization is fundamental for establishing proper treatment and prognosis of the patients, since current literature show more favorable prognosis in indolent compared to high-grade T-or B-cell lymphomas.
